Objective: Gallbladder polyps (GBPs) are an increasingly common incidental finding and 3% to 8% of GBPs become malignant. A poor prognosis is expected in patients with gallbladder cancer. No studies have considered the relationship between diet and the development of GBPs in the Taiwanese population. The objective of this study was to investigate whether a vegetarian diet protects against GBP development. Materials and Methods: This cross-sectional study included 11,717 individuals who received a health checkup at Taipei Tzu Chi Hospital (New Taipei City, Taiwan) between October 2011 and October 2016. All individuals completed questionnaires that collected data about their characteristics, dietary patterns, and lifestyle. Physical examinations were conducted, and blood chemistry tests were performed. The presence of GBPs was determined using ultrasonography. We subsequently evaluated the association between diet and GBP prevalence using multivariate analysis. Results: The prevalence of GBPs for the entire group was 8.3%. GBPs were significantly less common in the vegetarian groups (vegans 9.0%, ovo-lacto vegetarians 7.5%, and semi-vegetarians 7.2%) compared with the omnivore group (9.6%) (P = 0.002).
Introduction
A ny lesion projecting from the surface of the gallbladder wall mucosa into the gallbladder interior is defined as a gallbladder polyp (GBP) [1] . Although most GBPs are benign lesions, there is still a 3% to 8% chance of a polyp becoming malignant [2] . A poor prognosis has been noted in patients with gallbladder cancer [2] . When a GBP is larger than 1 cm, the prevalence of malignancy rises markedly, and cholecystectomy is usually suggested [3] . When gallbladder cancer produces symptoms, it is often at an incurable stage [2] . Thus, GBPs have important clinical significance. Nonetheless, there are few studies of the prevalence of and risk factors for GBPs [4] [5] [6] .
GBPs are nonspecific and asymptomatic in most patients [2] . Due to the increasing the use of abdominal ultrasounds in health checkups, and the symptomology of GBPs, they are becoming a common incidental finding [7, 8] . The prevalence of GBPs differs between countries and areas, with percentages ranging from 0.3% to 9.9%. The prevalence of GBP in Department of Family Medicine, Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, New Taipei, Taiwan many people choose a vegetarian diet due to religious beliefs and health issues. There are no data on the prevalence of and the risk factors for GBPs in the general vegetarian population. We hypothesized that vegetarianism could be a protective factor against GBPs in the general population of Taiwan. In our cross-sectional study, we aimed to verify this hypothesis.
Materials and methods

Study participants
In this cross-sectional study, participants were enrolled from the health examination center at Taipei Tzu Chi Hospital (New Taipei City, Taiwan), which was founded by the Buddhist Compassion Relief Tzu Chi Foundation. We assessed those who received a paid advanced health checkup package (including physical examination, serial blood tests, abdominal sonography, and tumor marker testing) from October 2011 to October 2016. Patients who had previously undergone a cholecystectomy were excluded from the study. The study was conducted in accordance with the Declaration of Helsinki and was approved by the Local Ethics Committee of the institution (05-XD20-048). Informed written consent was waived because the study was a retrospective data analysis. Strengthening the Reporting of Observational Studies in Epidemiology guidelines were followed in this study.
Clinical assessment
After the patient had fasted for at least 8 h, abdominal ultrasound was performed by a well-trained specialist in gastroenterology with a GELogiq S7 ultrasound machine (Seongnam-Si, Korea). A diagnosis of GBP was made when hyperechoic and immobile echoes projecting from inside the GB wall into the lumen were observed without an acoustic shadow [2] . The size of the largest polyp and the total number of polyps were recorded.
A structured questionnaire was administered by a trained nurse when each participant first visited our health examination center. The self-reporting questionnaire included questions about patient characteristics, alcohol consumption, betel nut chewing, cigarette smoking, medical history, amount of exercise per week, and dietary patterns. If participants had consumed any alcohol in the past 12 months, had ever chewed betel nuts, or had ever used tobacco, a "yes" response was recorded for the respective variable. Physical inactivity was defined as < 30 min/week of exercise [23] . Levels of exercise were classified into four groups for comparative purposes: (1) <30 min/week, (2) 30-60 min/week, (3) 60-180 min/week, and (4) >180 min/week. For comparative purposes, age was grouped into five categories: <30 years, 30-39 years, 40-49 years, 50-59 years, and > 60 years.
The dietary patterns of the participants were reported using a self-reporting questionnaire, which was also completed at the first visit. Participants were asked whether they were vegans, ovo-lacto vegetarians, semi-vegetarians, or omnivores. Dietary patterns were defined as follows: ovo-lacto vegetarian (consuming eggs or dairy products or both, but no other animal products), semi-vegetarian (consuming plant-based food in principle, with occasional meat products, no more than once a week), vegan (plant-based foods only), or omnivore (consuming both plants and animals). [24] . We measured the waist circumference (WC) at the mid-level between the lower edge of the rib cage and the iliac crest, with participants in a standing position. Body fat percentages were recorded using a bioelectrical impedance analyzer (TANITA TBF-410GS, Tokyo, Japan). Abdominal obesity was defined using the Taiwan HPA MOHW definition. That is, a WC of >90 cm in men and a WC of >80 cm in women was classified as abdominal obesity. Body fat percentages were categorized into two groups using the Taiwan HPA MOHW definition: >30% and <30% in women, and >25% and <25% in men [25] . An automatic blood pressure machine (Welch Allyn 53000, New Jersey, U. S. A.) was used to measure blood pressure.
Blood was drawn after at least 8 h of fasting. Measures included glucose, serum total cholesterol (TCH), triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C), and low-density lipoprotein-cholesterol (LDL-C) (Dimension RXL Max integrated chemistry system, Siemens, Erlangen, Germany). The hemoglobin A1C (HbA1C) concentration was determined using Variant II (Bio-Rad, Richmond, CA, USA). Fasting glucose levels were categorized into two groups [24] : ≥100 mg/dL and <100 mg/dL. TCH levels were divided into three categories according to the National Cholesterol Education Program Adult Treatment Panel III report [26, 27] : ≥240 mg/dL, ≥200 mg/dL, but <240 mg/ dL, and >200 mg/dL. For LDL-C [26] , there were four categories: >190 mg/dL, >160 mg/dL but <190 mg/dL, >130 mg/ dL but <160 mg/dL, and <130 mg/dL. For HDL-C [26] , there were two categories: <40 mg/dL and ≥40 mg/dL in men, and <50 mg/dL and ≥50 mg/dL in women. For TG, there were two categories: <150 mg/dL and >150 mg/dL. Serum virus markers included hepatitis B virus surface antigen (HBsAg) and anti-hepatitis C virus (anti-HCV) antibody were checked by immunoassay analyzer (ARCHITECT PLUS i2000SR Immunoassay Analyzer, Abbott, IL, USA).
Statistical analysis
Variables are expressed as mean ± standard deviation or number (%). We used a Chi-square test for categorical variables and Fisher's exact test to analyze categorical values <5. For continuous variables, we applied one-way ANOVA with Scheffe post hoc tests. The results of the univariate analysis were expressed as odds ratios (ORs) and 95% confidence intervals (CIs). A value of P < 0.05 indicated statistical significance and all variables significantly associated with GBP in the univariate analysis were included in the multivariate analysis.
Step-wise logistic regression was performed for estimating the possible risk factors for GBP, and other confounding variables were adjusted. We used SPSS software (version 22, IBM, Armonk, NY, USA) to analyze all data.
Results
Of the 11,717 over 18 years old participants included in this study, 41.4% (4854) were men and 58.6% (6863) were women. Of these, 3749 were omnivores, 1128 were vegans, 6451 were ovo-lacto vegetarians, and 389 were semi-vegetarians. The baseline clinical characteristics of the participants are shown in Table 1 . The smoking, alcohol drinking, and betel nut chewing rates were significantly lower in the vegan and ovo-lacto vegetarian groups than in the semi-vegetarian and omnivore groups (P < 0.001) [ Table 1 ]. The vegans had the highest mean age of all groups. The omnivores had a higher BMI, a larger WC, higher body fat, higher glucose levels (fasting glucose, HbA1c), and a higher lipid profile (TCH, LDL, TG) than the other groups. The crude prevalence of GBP was 8.3% (972) in this study. There was a significant difference in the prevalence of GBPs according to the dietary pattern as follows: Omnivores 9.6%, vegans 9.0%, ovo-lacto vegetarians 7.5%, and semi-vegetarians 7.2% [ Table 1 ]. Table 2 shows crude risks determined using univariate analysis. The following factors were significantly associated with GBPs: male sex (OR = 1.87, 95% CI = 1.64-2. for ≥200 mg/dL and <240 mg/dL), high LDL (OR = 0.71, 95% CI = 0.54-0.93), and ovo-lacto vegetarianism (OR = 0.76, 95% CI = 0.66-0.87). However, GBPs were not associated with age, alcohol consumption, betel nut chewing, level of exercise, systolic blood pressure, body fat, anti-HCV positivity, or levels of HDL and TG.
On step-wise logistic regression, male sex and HBsAg positivity were independent risk factors for GBPs, while TCH level between ≥200 mg/dL and <240 mg/dL, and ovo-lacto vegetarianism were possible protective factors for GBP [ Table 2 ]. There were no significant associations between polyp number and size and the different dietary patterns [Supplementary Table 1 ].
Discussion
GBPs are common in the Chinese population [8, 9] . The study showed that different dietary patterns might influence the prevalence of GBPs. Multivariate logistic regression analysis showed that an ovo-lacto vegetarian diet (OR = 0.76, 95% CI = 0.66-0.87) was a possible protective factor against GBPs. This was the first study which focused on the association between GBPs and different vegetarian diets in Taiwan.
There is only one previous similar study in which GBP prevalence and risk factors were compared between Korean Buddhists (vegetarians) and omnivores [27] . The findings from our study were different from those in this 2015 Korean study [27] , which compared Korean Buddhist priests and the general population and found that the incidence of GBPs was not significantly associated with vegetarianism. However, our participants were mostly volunteers from the Buddhist Tzu Chi Foundation and were not Buddhist priests. The Buddhist priests in the Korean study lived an ascetic and communal life Contd...
with little exercise and they had higher BMIs, blood pressures, and HbA1C, and TG levels than the general population [27] . In Yang et al.'s study, a Chinese lacto-vegetarian diet was found to exert favorable effects on metabolic parameters [16] . Weaver's study also reported that a lactovegetarian diet provided greater health benefits and reduced health risks compared with a vegan diet [28] . The benefits probably depend on the dietary calcium-to-protein ratio that is comparable between lactovegetarians and vegans [29] . Further studies are needed to identify what it is in the ovo-lacto vegetarian diet that helps prevent GBPs.
T with increasing numbers of people receiving health-screening examinations and abdominal ultrasounds, the rate of incidental detection of GBPs has increased in recent years [3, 8] . In our cross-sectional study, the prevalence of GBPs was 8.3%, which is less than that reported in a previous study based in another hospital in Taiwan (9.5%) [8] .
There was a large proportion of ovo-lacto vegetarians in this study (55%). The second largest group was the omnivores (32%), followed by vegans (10%), and semi-vegetarians (3%). The prevalence of GBPs was the highest in omnivores (9.6%) and the lowest in vegetarians (7.7%) [ Table 1 ]. The size of GBPs and the number of GBPs was similar to that in a previous study [4] . There were no significant differences for different dietary patterns [Supplementary Table 1 ].
This study also found that omnivores had a higher BMI, larger WC, higher body fat, higher glucose levels (fasting glucose, HbA1c), and a higher lipid profile (TCH LDL, TG) than the vegetarian diet groups. Many previous studies, including those from the Western and Eastern populations, have demonstrated that a vegetarian diet is associated with a more favorable profile of metabolic risk factors and a lower risk of metabolic syndromes [13] [14] [15] [16] [17] [18] [19] [20] . Although the etiology is not fully understood, studies assessing the risk factors and pathogenesis of GBPs have suggested that multiple metabolic disorders are associated with the development of GBPs [3] [4] [5] [6] [8] [9] [10] 12] .
Cholesterol polyps are the most common type and account for 60%-90% of all GBPs [30] . However, in a previous study, blood cholesterol concentration was not found to be an independent risk factor for GBPs [4, 6, 12] . Interestingly, we found that a TCH level between ≥200 mg/dL and <240 mg/dL (OR = 0.78, 95% CI = 0.62-0.98) was a protective factor for GBPs in the present study. This finding has not been reported previously [5, 9] and thus, further trials are needed for confirmation.
This study found hepatitis B virus infection was an independent risk factor for GBPs, and this finding is consistent with previous studies [4] [5] [6] 8] . Hepatitis B infection may lead to an inflammatory reaction and cause abnormalities of the gallbladder wall with bile composition [31] . However, the pathophysiology of GBPs and the relationship between GBPs and hepatitis B infection remains unclear.
Step-wise logistic regression found that male sex (OR = 1.83, 95% CI = 1.54-2.17) was an independent risk for GBPs in this study. Many previous studies have demonstrated an association between sex and GBPs [5, 6, 12] . However, other studies have revealed no difference between the sexes in the prevalence of GBPs [4, 7] .
There were a few limitations to this study. First, there may have been a selection bias, in that our participants were mostly volunteers from the Buddhist Tzu Chi Foundation motivated to have a health check-up, and they may not be representative of the general population. However, due to the high percentage of vegetarians in this population, it provided us with an opportunity to evaluate the risk factors for GBPs with different dietary patterns, especially different vegetarian diet patterns. Second, there was no detailed information on portion size, number of calories consumed, nutrient composition of foods consumed by the participants, or duration of the dietary regimen. Third, this study had a cross-sectional design, and hence, causality could not be established because the temporal relationship between a vegetarian diet and GBPs is uncertain. Nevertheless, this is the first study to show an association between GBPs and different dietary patterns in Taiwanese patients.
Conclusions
The development of GBPs was significantly associated with male sex and HBsAg positivity. An ovo-lacto vegetarian diet may be a protective factor for the development of GBPs. 
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